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REMARKS 

The examiner has rejected claims 1 and 25 under 35 U.S.C. § 112, second 
paragraph, on the grounds that the claims are vague and confusing due to the recitation 
"protein or polypeptide". The examiner urges that it is unclear what is encompassed 
by these terms. In particular the examiner finds it unclear what the differences are 
between a "protein" and a "polypeptide". Applicant submits that it is well known to 
those skilled in the art that polypeptides are considered as low molecular weight amino 
acid polymers whereas proteins are generally of much higher weight. However, it is 
obvious from the present specification that the polypeptides are intended to be 
fragments of the protein (see page 3, lines 7-10, 29-30 and 32-33). Accordingly, the 
claims have been amended so that they now refer to "protein or polypeptide fragment 
of the protein". 

The examiner has rejected claims 1 and 25 under 35 U.S.C. § 102(b) as being 
anticipated by Fiedler et al. (EP 350810 A or B), or DE 3583987. Applicant has 
carefully considered this rejection but it is most respectfully traversed for the reasons 
discussed below. 

Firstly, the compound epidennin isolated from a Staphylococcus epidermidis 
culture by Fiedler is isolated by absorption on styrene based copolymer in the 1997 
abstract and onto acrylic ester opolystyrene polymer in the 1991 abstract. The protein 
of the present invention has no significant plastic binding activity as seen in table 2 in 
the present specification. J 

Furthermore, the examiner is not correct in assuming that the prior art 
polypeptide would have an inherent specific or non-specific fibrinogen binding activity. 
In this regard enclosed herewith is an article from Infection and Immunity, June 1998, 
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p. 2666-2673. The authors of this article studied fibrmogen-binding of different strains 
of Staphylococcus eptdermidis and they found that the adhesion to immobilized 
fibrinogen varied significantly between different strains of this organism. PCR analysis 
demonstrated that the foe gene was found in 40 of 43 clinical isolates of s. eptdermidis. 
Therefore, not even all clinical isolated strains contained S. epidermidis that have 
fibrinogen-binding activity. 

The examiner has also rejected claims 1 and 25 under 35 U.S.C. § 102(e) as s 
being anticipated by Katz et al. or Albom et al. Applicant has carefully considered this 
rejection but it is most respectfully traversed for the reasons discussed below. Katz et 
al. was filed on July 2, 1997 and issued on August 22, 2000. The present application 
is based on Swedish priority dated June 20, 1996 and the filing date of the 
corresponding PCT application is June 18, 1997. Furthermore, Albornetal. issued on 
December 24, 1996 which is 6 months after applicant's priority date. Therefore, 
neither of these two U.S. patents destroy the novelty of the present invention since they 
do not disclose overlapping subject matter. Neither of these references disclose any 
fibrinogen-binding activity. 

Nevertheless, the protein of Katz et al. is a coenzyme A disulfide reductase, 
whereas the Albom et al. protein is involved in the formation of a pentaglycine bridge 
in the cell wall of the bacterium (see column 14, lines 44-45), i.e., they do not have a 
fibrinogen binding activity. ^ \H N 

Applicant has added additional claims which are based on the specification, page 
2, line 13 (the deduced amino acid sequence of the encoded protein), i.e. , SEQ ID No: 
1 1 (see raw sequence listing of office action dated December 6, 1999). Applicant has 
also added claims directed to fusion proteins based on the GST-FIG (glutathione thio 
transferase and fibrinogen-binding protein), e.g., on page 16, lines 10-11. 
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In view of the above argents and farther amendment to the claims, applicant 
respectfully requests reconsideration and allowance of all the claims which are pending 
in the application. 

Attached hereto is a marked-up version of changes made to the application by 
this amendment. The attachment is captioned "Version with Markings to Show 
changes Made". 

Respectfully submitted, 
BACON & THOMAS, PLLC 

Date: May 28, 2002 




„ . _ , ,jseph DeBenedictis 

BACON & THOMAS /^Registration No. 28,502 

625 Slaters Lane, 4th Floor t-"^ 
Alexandria, Virginia 22314 
(703) 683-0500 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



x • a 1 > 



The following claims have been amended: f 

1. (Five times amended) A purified Staphyloccits epidermidis protein or 
polypeptide fragment of the protein having fibrinogen binding activity. 

25. (Thrice amended) A vaccine composition including the protein or 
polypeptide fragment of the nrotn/havinp fihrit^n bindjnp artivity according ^ ^ 
claim 1. J 
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A Fibrinogen-Binding Protein of Staphylococcus epidermidis 

MARTIN NILSSON, 1 LARS ^YKBHRG, 1 JAN-INGMaR FLOCK. 2 LET FEI* 
MARTIN UNDBERG. 1 awd BENGT GU$5 w 

Department of Mlcrvbivlvgfr Swedish Untoershy <?f Agricultural Sciences, S-750 07 Uppsala, 1 
and Department of Immunology, Microbiology, Pathology and Infectious Diseases, 
Karoltnsha Institute. Huddbtge University Haspimi, <?-i4? 86Ifu4diAge* Sweden 

Received 14 October X997/Re turned for modification 26 November l$77/ACcepted 16 March IP 98 

The present saury report* on fibri nogen (Fg) binding of Staphylococcus epidermidis, Adhesion of different 
S. epidermidis strains to Immobilized Fg was found W vary Mytiificawtiy between different strains, and the 
component responsible was found to be prondiiacfioas in nature. To further characterize the tfe-bindtrtg 
activity, a shotgun phage display libra 17 covering die S. epidermidis chrotnosame was constructed. By affinity 
selection (panning) against immobilized Fg. a pba$emid clone, pSEFGl, was isolated, which harbors an insert 
with an open reeding frame of — JL7 Id lobars. Results from binding and InhibttldD experiments demonstrated 
dbattbeiiwmoFpSEFGl^ 

by pSEFGl completely inhibited adhesion of epidermidis to Immobilized By additional cloning and DNA 
sequence analyses, die complete garje, termed fie, was found to consist of an open reading frame of 3,276 
nucleotides encoding a protein, called Fb*, with a deduced molecular mass of —119 RDa. With a second phage 
display library made from another clinical Isolate of $. epidermidis^ It was possible to locative the Ffe~blnding 
region to a 331-flmino-ac id-long trStfement. I*CR analysis showed that the /be gene was found in 4D of 43 clinical 
faolaiefi of S, epidermidis*, Tbe overall organization of Fbe resembles those of other extrawUUIar surfaca 
protein* of staphylococci and streptococci. Sequence comparisons with earlier known proteins revealed that 
this protein is related to an Fg-biniting protein of Stophyiacvccus aureus called clamping Eictor. 



Staphylococci*? epidermidis and other coagolase-negatlve 
staphylococci have been found to be among the most common 
etiological agents for infections associated with foreign bodies. 
In * study of incidences of surgical site infections (ranging 
between 1 and 2S%\ staphylococci accounted for 30 to 40% 
(36). £ epidermidis Is also a common cause of perrroniris among 
patients undergoing peritoneal dialysis (34) and £5 often found 
in neonatal infections p3). 

It has bean hypothesized that adherence of & epidermidis is 
a rvro-stcp reaction, in which initial attachment is mainly me- 
diated by hydrophobieiry. whereas slime production is impor- 
tant as a secondary step (6), The hydrophobicity seems to be 
correlated to cell surface proteins, since both Adherence 
to bioiDatcrial and hydrophobic! ty are reduced by protease 
treatment. Tmunarman cf al (31) and Veenstra ei aL (33) have 
described a cell surface protein that mediates adherence to 
polystyrene. Also a correlation between die production of a 
porysacrharidc/adliefiin. and adherence to plastic bioraatcrial 
has been reported (21, 32). Another adhesion mechanism used 
by staphylococci involves their interaction with plasma pro- 
teins. Precparing of surfaces in vitro with various plasma pro- 
teins, Such as albumin, fibrinogen (Fg), and fibronecrin, had a 
blocking effect on early adhesion for most of the 5. epidermidis 
strains tested (6), a decreased binding of S. epidermidis to 
Pg-coated Pooron wa* also found by Zdanowsld et aL (36). 
However,, in contrast to this finding, it has been dearly shown 
that several strains of & epidermidis have a capacity to adhere 
to immobilized Fg (1, S, g f 19, 25, 37). 

In this report, we study the Fg-b hiding activity of -S. epider* 
rnidis. The binding was found to be dependent on a surface* 
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located protease-sensitrve cotnpcmcwt($), Therefore, a shotgun 
phage display library containing chromosomal DNA from a 
clinical epidermidis strain was constructed. The library was 
affinity selected (panned) against immobilized Fg, which re- 
sulted in a specific: emichment of F£-binciing phagemid partU 
riles. The inserts of the phagemids were analyzed and found to 
be identical. By using this insert as a probc> the complete gene, 
termed fl?e f encoding an Fg-binding protein was isolated and 
characterised. Interestingly, the encoded protein shows simi- 
larities to a cell wall-bound Fg-binding protein of Swphyfocoo 
cus aureus called clumping factor (ClfA), a protein considered 
to be involved in the virulence of this species (16-18, 20). 

Bacterial SbtoiA*, pl&naltfS, Mid CEO»ifa ABflditlwt* X €piAtrmidU HB «U 

obtained teem Asa Ljune, Umd untvcfilry, Lund. Swadsa, ThU pxtin wu 
isolated fron m bvmun pmho^t with nstsatnltaliti*. & ipidmidix Bttzau. 2, 19, 269. 
urul S3S Oftnc Mvwil uam pqtiaatF withperitanitiA. The £ atdmiitts strains 
wain ^ypnd with the AFX-Stpph oyfttm (Bi&Mer(etui, Lywi, Prenw). X cww 
f(c"Tnan was u.ted u i ceborol In adhesion ti^ertraiinu. The phsBonud pGSHS 
was usod w construct tan pfug* dbplay library. For Additional cloaiBSL xht 
plumid pXIdM was UMdi Ad hoeU, ft* Excharichla eeti stains MC1061 (fed* 
mcxB aruPIS? ^awAffCUeu) 7&7P alaeX74 &itf gatK rpsL and TGl [tupp 
frsd&J tfd \(lntyp*aAfi) F'QrraDSB proAB* iacV lacZ&MJ5] Wtaic osrd. S, ipedrr* 
rrtidli HB was grown on htnod qgur. pl3M at it> bratb culture with trypcooe sqya 
broth (OmoJci, Bttib^sto^ Hunpslibn, XJaltcd Kingdpsi). The £. aH •axaSam 
**zrt grown in Luria-Bcrtmi (LB) ascdhini nipptefnwited when appxapffrm wfih 
200 jig o£ nmpft rDlfT i per ml OT alternatively on X~A pdhEori {LB nodlum c*ipp1e- 
mcnted with lJMb *zpr and SO HS of mqpfcUia per ml) k AH iromb^tioiu were uc 

yrc 

Fhiutb* 4od B^eewta- Human Fe " wlA cfettincd ttwh. rMCO 0>rpore\lDn, Cid, 
(StncKbylm, Swftdco), and anil-hum^n Fg rabbit [mmunogtebMKn O (tgG) qon> 
jvgarcd to hoiacracfisb pdiMddbK (HRP) pwicb^«d ttam Z^skopaUi A^S, 
Denmark. BoWac ^cnun afbuailn (fiSAj faction V, radwimnraimagpy gt^de) 
vub Irgrh U^. ^looh cm teals (Cleveland, Ohio). Biffin* cylfagcji type 1 and 
^eaEclcwuo K ware obtuoed £rom Bochragcrr OmliK« ni&nnhclni. Gannabj. 
Kumaa serum aKminln (HSa). bovine flbrDxioa)n» und humarj iransfcoin were 
purchased from afgum {Si, Ijaiii*), Humnn IzO vv^s obtained from KsbJ Vfrrum 
(StodBholm k S»v«dan)r tvfotfccuUf «C^hl m&rKCH Udod hi dodltflA dodaeyl tuAfatt- 
polyicrylitmfdB gel clcctraphDrccte (SDS-PaGE) were obtained tom Bio-Rnd 
(RichBMnd. Calit). NlEZDodliilase (NC) tQtoiy 85; Q.45-pro pote size) 
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mcd for Souths and W^rcni Wok were irom Schloiobur nod ^^J^^ 
S^yVs^ flta* (Marin* », 0.«S.*m per, were obuui*d from 

sealed **h 5 nU ,^ n ^"^J^ 0 ^S 7.4ft \^ «utted boco, and ibe 

^ BSAln FBS for I b * 3^^w^ 

S^^rnOflTn *c» added allowed w adhere ft* 2 h « 3"TC F<jlta**S 

fcSSJS^rf biaMiw alter ptotnu txcm«t or todcria. Baaoria wo 

ff ^d^0 ^i^ K 

, , " , «vnt0Dw ncanncnt. the ccJU vm cwow^iy women, 

arts UTS^nwsss 1 - 

Xniixntf--"' S«M> « doerttad *«■. Four ^S^ifi* 
•^TTzX^~3lM*Arf 4 epUttrMh KB w«S prepared and Im&eaAvl V 

• w! ETLu the clcSopofatcd barton* w» infected with helper 
^ ?J?Ji^5S, w£^=nt tSkT mcwad of usixu tbe vector pCBHs, a *cw>y 

. — 7 m, .f»«.t n N lArn* ti'hliBh I 



^tatSTbT-S * lc(».li.ro»o B ^ttehdpBrph»S<=r«ultrftaiil*~y 
tobritor {WuSom Nunc Copenhagen. nc*Bi:i*) wajn toMed nrer- 
: S^SSmSdon, 1 AfiftuJ) for 1 h at room tern**™**. 
V3b* «*h PBST -« room "**5»3 

tTS^S M ^ira (PH e-6J. From ^«Tu»™, ^ ^1" 
feaatds 1M ul ctf X* medium- After 20 rain of me***™* « 3^ tha edU ^ 

SJ Tta W^di«r^*lA together. Aft-r ^^ T ^ h ^^ 

mured od an LA plmfic Aftur nnutmlion ovemitfil, the phosccrid P «jftrtoi were 
SdnaStf^S- anther round of panning ^ * t * t ^fJ& 

SSvSSSe wulBeity Jperinrent. ibe phifiB ato* w» panned m *ipBo»«»t«» 

il!5rjiS»^JsStd o>jm TOST and JubwjuoHly cluwd faf lo«nnc tke pH 
S^^i^TjI^S «*tc «ed to inf«t £. T5l ^ pter.d on tA 

wfiaa? =ss?5« 



HBKOJOeSEN-BWDINO PROTEIN OF i EPBERMWS **7 
wcr^tor v«1U (100 6jU6-^ W ' J^J^^~ "SS 

ScLrtiioa Of F 6 *nd HSA ^ pUtcd on IA 

tW^h iUirosc, oad 1 mM EPTA. After 10 mm at TTC Jolto woe ^ 

^^SSs» HncrtapwetJunol and 2J« SD3 before ^ B applu0 lo 
2b,? Sft^^itSS^OE gel with dK PBAST syston (PhA«wo» 

SS^m S« MtaMJ for 3 h in PBST «ntatolms humao Fg M*M) ^ 
^^^tJrfAfa^ Poin> wwhed s^h^ ihc1lli«w I? m^toJ^ 

Aft^l b»I n>ofn woipeftture, *c JUtbr wu wwh-d fa PftM, J"d ^=J^^d 

Lia to ruldw) <rf vecior ww Tp P^ify the «»WprtyW«« ex 
2ra^&"2« HiiTrnp kil obtoin-d tw» PhanwcU Btebcdu Onq to 
S^S^li^e the ^purifi«| ^ ™S^i^d 

*25Li ta Fc ao ujiMil)-cp««l mlcradicr »dU An uni«hie4 aOuuly-p\mncd 
^^^inp^^^^to^d^d « Btodkv M 

C lharXTCbeft." «MW« of llJ^diolabeUrf of * <f ^f^* 
Xfter [oirSwr in«ibhiSon tor 2 b, tht wefts w *«rtu^" ^ LfgWS?* 

£T SSfaSrS ta J S» lO^iCiof L^'HlUTTmidi^ p« ml (sp^iflc d«M V , BO 

SoMn Wi and die A» Modd 373a UNA ^ouBAc-r. ^™^*^J^ 
SsiTqXar (FMmach Biotech) ««c™d. 5p=dfic 



Ft» W QIEA p«tofa» win B ih* wnicrurc^ouo ^ W tb ^ 
opon w>p yfvJ miit pip cost ot 10, Tcspc^ly. ^„^d ft^ m 

dfateSTtSns 5 ItpHtrtnidil with 4 OIa Bmp ^«suc Jdl obmlncd^om (W» 

rfT^d^ratS period ui P4-C, a 1-min anW^fi period » «PC. «da 
exlo«*rti poriod at 7TC Aftar ampUfimtiom the oQVDpl» wort w«*»«d 

y^^r^Wd^Jfed in EJ4BL ^qi«n«c data bank m»4 b pvafliW. 

Adherence of 5, epidtrmidis to Fg. A collection of A 

strains were screened for thek ability to bi»d umnoW- 
lizcd Fg. The protein was imrnobfli^d « various concontrB- 
lions in microther ^dH, and after binding and ^hing. ^ 
bacteria adhedng to the wbU> were measured by the turbid- 
ity and light scattering caused by bound bacteria. The result 
Showed ft great variation between strains, a finding that can be 
used to group the strains into three categoric*: non-, medium-, 
or high-bipden. The adherence values for five strains of 5. epl- 
derrrtsdij (2, 19. 269, 333, and HB) representing the xhrcecat- 
qgories and S. awvw Newman arc presented in Fig. 1„ where 
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FIO. 



LOO P9 (Ufl/ml) 

1. Bietcdal tundra* w» immobilized Fg. Microliter wcU* coated 



with fibrinogen at thccotrcunDratkm lndfeaitcd nod blocked withESA. Adherenw 
was allowed tor 1 h, microti ter plates were washed and dried, had. Mlnrtvo 
bacterial DtfH*raaec to determined xpeciropboUKnccrfcnlty (^03)- O* & ouiai 
NewoMn; O, £ nj^iw& 2; ■. S, f^fafefrnU* 19; a. A Kptenrmidii 269: *. 
A y i i/iif Ff wto 333; A £ epidcrrnicth KB. 



the adherrnr* v&luea, ranging from 0.00 to 0.20, as a function 
of coating concentration of Fg are shown. In a separate test, 
bacteria were treated with proteose K and washed prior to 
addition to immobilized Fg. Four different strains of 5. epidcr- 
rnidis (2, 19, 2&9 7 and HB) and one. strain of S, aureus (New- 
man) were used in this experiment, AH strains tested showed 
complete loss of Fg htTidfng us a result of the protease treat' 
meet (data not shown). 

Identification of n phage mid done displaying specific Fg- 
binding activity. A shotgun phage display library was made 
with fragmented chromosomal DNA from strain HB. The 
pnagemid library was affinity selected against Fg- The phage 
stock obtained after the first panning was panned against path 
Fg and the unrelated protein, BSA. Approximately 20 tin™ 
xnoxc phago were bound to Fg than to BSA, auggcarmg that the 
binding was specific (data not shown)* Front the second pan- 
ning, eight phagemld clones waxo chosen for further studies. 
DNA sequence analysis of the junction between the insert and 
vector showed that sewn of the eight clones eamipjned had an 
identical insert with an open reading frame In both ends of tha 
inserted fragment. Restriction enzyme cleavage revealed an 
insert of "1.7 leb. One phages) jd clone, called pSEFGl, w 
chosen for further studios (Fig. 2), 

CharactcriiCQtloa ofpSEFGL To urvesttgato the binding ac- 
tivity encoded by pSEFGl, £. zq\\ TGI cells harboring the 
phagemld were infected with helper phage R40$. The gener- 
ated phage stock was separately panned against six dinWent 
host proteins and against plastic (uncoatad microdter wells). 
The pro ic ins used in tha assay were collagen type I, Fg. fi- 
broncctln, HSA, IgQ, and transferrin (Table 1). Tha binding of 
phagcmJd panicles was more than 1*000 rimes higher when 
panned against Fg than when panned against any of the other 
proiems or plastic. In addition, an inhibition Experiment was 
performed. Samples of the phage stock were Separately prehv 
wbated with various concentrations (100 ngfrnl to 1 mg/ml) of 
Fg or HSA* After incubation, the samples were transferred to 
microliter wells coated with Fg. The result showed thai pre- 
trcatmcat with soluble Fg completely inhibited the bending of 
the phagemid particles to immobilized Fg (Fig. 3A)< The Fg- 



TABLE 1. Results from panning of a phage stock (pSEFGl) 
h&ninst inuaobnizedligaBOS 



IigBnd 



No. vf 



Fibrinogen 

Transferrin 

FibronccTifl 
Collagen (type I) 

a&— " 

•""tM'IWM Mil »>M^ 

PlaMff!. MI 



■■.••tUimiiwiittrti 



1-O*l0 4 ±7.8xio= 

...... 1.6 x 10 3 ± 3.5 * 10- 

2.axi0*3:1.4x 10 3 
2.6 x X0» x $3 X 10 2 



6.7 x 10 3 X 1.4 X 10 5 



■ Dctonniacd after Infusion of £ TCI calls as CFU en La pUtc* sup- 
lcmenp=d with ompfoiusii Yah™ nutans x. cmndsnl oWsonn* (two sample* 



plant 
team 



binding activity of the polypeptide encoded by pSEFGl wa$ 
also studied in a Western blot. Too phagemid (pSEFGl) was 
tronsformBd Into the nonsuppressivc £. call boat MC1061, 
which i e«o!nj s^resaicn-ef the irrsen wiAisU£-£^sgg to the 
phage coat protein VUI. After induction with IPTQ T the£. call 
cells were harvesied and treated by an osmotic shock proce- 
dure described in Materials and Methods. As ahown in Fig. 3B 
and C, the result confirms the expression of a spocinc Fg- 
binding protein in MC1061 harbormg pSEFGJ. $znec the in- 
sert of pSEFGl is a fusion with she b Uridine residues otiguiat- 
ing nrom the vector, the expressed protein was affinity purified 
by immobilized metal ion adsarprion chromatography. The 
purified protein was allowed to bind at various concentrations 
to Fg immobilized in microliter wells prior to addition of ra- 
dialabcllcd cells of £ epldcrmtiUs 19. After incuhanon,. the 
wells wore washed, and bound bacteria] cells were released by 
addition of SDS. The result showed thai the purified protein of 
pSEFGl cornpletefy inhibited the binding in contrast to an 
unrelated bisodmc fusion protein used as a control (Fig. 3D). 

Cbacscteriaarion otjbc. TO isolate the complete gene encod- 
ing the Fg-buidmg protein, of & epidermvtts. a Southern blot 
analysis was performed with chromosomal DNA from strain 

HB. An — l_3-fcb radio actively labelled PCR product of tha 
insert in pSEFGl was used as a probe. The probe hybridized to 
an — 6-kb Xbal fragment (data not shown). This fragment was 
subsequently lighted into pUCIS, and the insert of this plae- 
mid, called pSHFG2, was charactBrizfid. Sequence analysis re- 
vealed an open reading frame of 3,276 nucleotides Starting' 



Ft* $ 



lOOfta 



IPFG3 

19FG6 
L9FOB 



75-655 

269-6$* 

218-652 
211-010 
'Z41-SSI 
269-606 



FIG. 2. ScheronUe pMwsntnde^i of tfvt Fbc proiefn and ^Ugnmcox of Inserts 
from p&ra pha^mid clones obtained nJftcr paAnio& qs*^ Fg> The dlffereni 
rbvuu isdicated by S (ibe signal ^cOjuCfKn), a (die Fg-bicdin^ regipn), hnti 
R (the highly repetiiiVK region). The inwit of the single done (pSEFOl) origi- 
joud frotn itxklp KB It ihu**n as an open bar* vthWa (he etfifat clone* detfwd 
bum strain 19 arc printed fey ^ W lines. The aunben Indteute she positions ol 
amino qcMs (aa) in the Fbe pcotcia as defined m uV h&md to FSg. A, 
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kDa 

200- 

S7" 
68- 
46- 
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Lop UUfH— ol 
Inhibiting prtrtel* (MlAml> 

- ... ~~**a ^rh Fil Various cQDCcg&Kiam of Fe nmi H£A topamttfy mmaJ 

HQ. 3. W inhibit!*. °f burfi^j*^^ 
3^iu* T£™iU«£it! wi*adwifcr^^»!jK^ ta shown * » ftinctit* CpnC«Dt4gD> oT dtoat 

conwattqtiariB ofth*two soKAlc rk*»*» ™ T * c,aa aac ' CEL - 



with an ATG codon at nucleotide position 38 and ^cJ^sj"^ 
a TaA at portion 3314 (Fig. 41. The open reading We fc 
Drecaded bVasequcnce Typical ibr a nbosoma-Wfcng ate of 
Sam-poaflie coed and is fallowed by seances icsemWuig 

S of 1,092 amino acid residues, called F^ Th* deduced 
SotdD has a calculated molecular mass of -1X9 
byrhe method Of «on Hefine (35) identified ft possible Signal 
cleavage site between amino adds 51 and 52, resulting in a 
matnrl protein of 1,041 amino adds with a calculated molec- 
ular xxusa off -114 kDa, Following the signal sequence, theicjs 
a .epoi,, called A, of 773 amino add*. The u^ert in pSETOl 
contains the icquenec corresponding to residues 75 toftO oi 
the A region (tig- 2 and 4). n» A re&ion * followed by a 
hijdxly repetitive region of 216 amino acid residues compound 
oftmdemly repeated aspartic add and serine residues, called 



R 4). Tbe dipepode region consastt of an 1^ seance 
urir^^n** of TCX GAX TCX GAX GA3q re- 

peated 36 dmcs. Tho 3 $-bp sequence v«U is maintained alwo* 
Setfectk throughout the whole R regjoo, excepi tor the second 
unit which is truncated, consisting of only 12 of the 18 bp anu 
ihe y end of the R region, in which the consensus sequence is 
sUchtry disrupted (units 32. 34, and 36). The changes jn these 
units iso nJult in amino add exchanges. The Otcnninal pert 
of the protein contains several of the feature JoundHi gran> 
positive ccB tfurfac^bound protein* (13, 24 30). The motrf 
shown to be involved in cell wall anchoring ^a, 
29) la round at position 1053 as LfDTO (Fig. 4). Tbia 
sequence is followed by a stretch of 17 hydrophobic amino 
add?, called M, which i* proposed to span tb« «^ rncm- 
brane. The deduced prorein ends In a stretch of charged 
amino acid residues. 
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r if 1 X D W 3 C £ I I A T C V Y P » X 3tf R fi X T V T T * » * V a K v B Iff I K * K 3« 
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Vft!Z$i3Veb£CSffIia9STXIKVYVVGBni<}XX.rP*MRIYtiY 499 

SEVET>Vtt)C13Y_AQl.CtfWWDVRIK F C « I □ B F Y I X EVT SKID 346 
TTrhtT»< ,i nT^I1frrTiIITlft33T^t^^ « " " * »™rr-rri»r^j<r~^j»mv-'<^:a^hr^ JDDO 
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PIC- 4. CbnpfecE aucleagije 6cq\icooe <if th^^PC gems from 5. ipufannftfir KB and ibe deducoa amino »cia ftcqwiac ot the aSrOdcd prafcih, A t^tpUva 
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na 5. Atonftftt <rf the deduced *mlx» ^wmdb «f tJ» p*ff»la «** 

i^V^Ulto amino ? «ds. **d Sote 

^O^OnS*^ by du*«Q -c« imirrfi^d to obtaia opfo*! dfeien=*t. 



Protein Ite shew* ssq™ce slnrffcriSfes te an Fs4rfn*iiig 
0l t, to in of 5. fliwwt With the deduced amino acid sequence off 
pifQtein Fbe (except for the R region), several proteto de- 
bases were screened for SC qtt«n» similarities. Interestingly, 
ibe search showed that by far the highest score obuinedw** 
for the clumping factor (ClfA) r an 

S. wr*u* (16-18), This cell wall-bound protein binds Ffe and 
jwp been shown to promote aggregation of bacteria in the 
• presence of Fg, Various aUgnrnwits of ClfA and Fbe were done 
^th the cornet* program FAUGN (22). signal se- 
quence and the Otcrxninal pan, mcludmg the cell membrane- 
scanning region of Fbe, show parity ie . tta ^"pondiug 
regions* OfA of 64 and 44%, raspectrvcry. la the A regions 
tfFbc and ClfA, the highest sinularity (*5%) is located be- 
tween amino add position* 373 to 516 and 317 to 460, re*pcc- 
riuery (Fig. 5). In addition, th* most obvious a^^ to jhe 
dumping factor is the repetitive R region- In both OfA and 
Fee, fce R repeat tttfon* are encoded by the same lS-bp 
consensus unit- A comparison of the nucleotide sca^ncesOl 
fbeznddfA shows thai the R regions have approximately 80% 

h °ol^^MT rfjbe in strains of 5L ^akrmidu. A coUcctionof 
43 strains of £ B piderrmdis t Including the scrams used to the 
Fg-bindlng experiment shown to Fig- 1, was screened by fCR 
for the presence of the Jo* gene. The reaction was designed to 
amplify a region correspondins to a 496*p-lons Irapnen t of 
the 5 r end of he fbe gene (Fig. 4). The result showed that this 
fraement was amplified from 40 of the 43 strains tested, 

Mappj as the Fg-bindlng region in Fbe by phage dfrpIay-An 
additional phage display library was cojistrucicdbased Qn frag- 
mented DN A of 5. epid^midis 19. The phn&* dvpUy library 
of strain 19 was approximately the same size a* the library of 
• strain HB. This library gave a much higher enriduwmt of 
ffl-bindhig phaeemid particles than the HB library when it was 
panned against UnmobMzed Fg> Sequence analysis revealed 
that the ioserts of the Isolated elones wore derived from the Jh* 
gene and that several clones had overlapping inserts. After two 
separate panning* ag«nSt Fg, eight difiareni .clones eammg 
amino acids 172 to 664 in Fbe were isolated (Fig. 2 and 4). 
From the polypeptides encoded by the inserts of clones 1 9FGZ 
19FC37, and 19FGS\ an Fg-bindinfi domain of 331 amino acids 
was deduced that covered amino acids 269 to 599. Alignment 
of the inserts also showed that the nucleotide Bc^Uflncc in the 
region encoding the Fg-binding domain between strains HB 
and 19 differed by only one silent nucleotide exchange. 
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DISCUSSION 

Implant biomaterials are instantly covered by drculatiBfc 
Plasma components, like Fg (37), promoting adhesion of host 
cells- One canzplicanon that may arise is when conttmmatiiig 
bacteria adhere to the *amc componentj on the biomateruil 
Surfaces, leading to Infection. 

In contrast to S. epidcrmidis, adherence of 5. aureus xa ¥g 
has been well chat acidized. A surfacc-associaicd Fg-binduig 
protein, termed clumping factor, mediates S. aureus adherence 
£, immobilized Fg (17) and conmbutes to virulence in an 
experimental endomrdiiis model (30). Also P another putace- 
located Fg-binding protein in S. aur*us has been demonstraied 
(4) In addition to these, there are no Jess than three cxtraccl- 
lular Ending proteins released in*, the grow* medinm^ 
one of v/hicb is a coagulase (2, 3> To inveimgeie the FgUwV 
tag natnre of i eMermidis, different strams were tested for 
their ability to band to immobilized Fg. The result showed a 
great variation between strains from non-binders to tugh-bmd- 
Srn rn whlch.tbe highrbindcrs adhere to immobfliged Fg taihe 
s^mc"ordcr as 5, a^ro^ Newman (Fi fi . 1). The heicrogeneity m 
binding is in agreement with earlier findings (8) and might re- 
flficTdmnrBftt expression levels Of Fbe or miget be due ^io 
productiDn of interfering substances, sucb as slime (1). The Fg- 
bmding activity of S. epidermidis was found to be pipteinme- 
diaJtedfsiDoe protease trearment destroyed the binding. Thus, 
to isolate the gene(s) ^coding %bmding activity, a phage 
display lthrary of chromosomal DNA from a dluoa] Isolate of 
5 cpidsrmidis was constructed. These types of libraries ba*o 
earlier been used successfully to isolate and characterize cell 
surface proteins from other oram-poiirivo cocci (9-12 p 14). 
Panning of the phage library against Fg resulted in an enrich- 
tow: Of clones. Further analysis revealed that seven of eight 
clones were identical, harboring an insert of 1,743 nucleotides 
with one open reading frame . ,. _ 

The Ffr-bindhis activity expressed by pSEFSl was studied 
with a specificity rest. The pSEFGl phagemid pantidetf showed 
no biiwttfafi activity to the various plasma and famraeeOhito ma- 
trix ptotSis tested (except Fg) or to plasdc CTablel). Fur- 
thermore, it was possible to completely inhibit the bmdinfi of 
ohazemid (pSEFCtt) particles to Immobilised Fg un Oje pres- 
ence^ruble Fg (F&3A). as seen by SDS^FA&E (Fin- 3B). 
expression of pSEFGl in E. a?H results in new protcm frag- 
mcnts, and a corresponding Western blot indicates that the 
Fc-bindinK activiiy resides In a txactioo with a shm of around 
100 kDa (Fig, 3C). This does not correiacc wtth the ealculated 
moleenler mass of the protein encoded by pSEFGl, which is 
—70 kDa. However similar discrepancies have earlier been re- 
ported for other cell surface proteins of staphylococci and 
streptococci (13, 14, 26, 30). Furthcmujrc, affirm^punfie^ pro- 
tein encoded by pSEFGl can. in an adhesion experiment, 
completely inhibit the binding of S. sptdermidis to tomobiuzed 

Fg Sho^un^iage display has proven to be an effective tecbr 
niaue in mapping binding domains, aince one can rapidly iden- 
tify many overlapping clones f>12» 14). With regard to the sec 
of the library ot strain HB, it was unexpected to identify only 
one clone (pSEFGl). The explanation can be that the binding 
of the S. epidcrmldis protein to Fg requires a substantial part of 
the protein and the majority of the hfiated chromosomal DNA 
fragments used to construct the library were only -500 bp. 
Therefore, another phage display library was constructed with 
chromosomal DNA from strain 1$. This strain was chosen 
because ir was grouped into the category of strains that ware 
high in Fg binding (Fig. 1). This tone, the fragmentation con- 
ditions of the chromosomal DNA were milder, and fragments 
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with tba mean size of 1 kb were usc4 for ligation. This had a 
dramatic affect on the enxichnaeat of phage Darciclea whon the 
Ubraiy was panned against Fg and resulted in the isolation of 
several overlapping clones (Fig. 2). By sequence alignment, it 
was possible to localize the Fg-piciung region to a 33 1 -residue- 
long pan in the A region of Fbc located between amino adds 
269 and 599 (Fig. 2 and a). 

Since the Fbc protein is Thought to be a cell waU-bound 
protein* it is assumed that a structure nwiiaaag this feature 
would be found in the G^trrminal pare Alrhc-ugh tha C termi- 
nus of the protein has the characteristic membrane-spanning 
region and the LPXTG motif, the predicted charged wall re- 
gion, rich in proline residues, commonly found among staph- 
ylococcal cell surface proteins (7, 24, 30) is not present- 
By computer search, lr was found that the Fbe protein is 
related to the S. aureus dumping factor. Comparisons show 
that both proteins have the same overall organization and 
partially display a high degree of similarity. Using an inhibition 
assay and a Western blot analysis, MeDevitt a al. (181 located 
the Fa -bindin g act ivity in C lfA a t a 329-tesi dn e-lpng fragment 
in the A region of QrA. Alignment of the complete A regions 
shows limited similarity, but the similarities between she pro- 
teins increase in their respective Fg-binduig domains. The 
highest similarity in the A region between Fbc and Qfr\ is 
found in a stretch of 144 residues located on tha fragments 
mediating Fg binding in both CKa and Fbe {Fig. 5). The A 
region of cue ClfA protein has, in addition to binding Fg. been 
shown to be involved in clumping and adherence of £ aureus 
(18). However, ecus of 5. cpidarmldis HB and 19 do not show 
a positive dumping reaction. Baaed on the quite moderate 
homology between Fbc and ClfA, it cannot be ruled out that 
Fbc brafe Fg by a mechanism other than Q£A. which might 
explain the lack of champing in & spidmrmuiis. The most pro- 
nounced similarity is found Lo the highly repetitive R region. 
The ftmctkm of the DS repeat region in ClfA ia rtill not clear, 
but fit has been shown that the region is involved in neither Fg 
binding nor crumping (18). In 51 aureus, this region is reported 
to vary in size between different isolates (16). Furthermore, 
Southern blot experiments performed by MeDevirt et oL (17) 
showed that the R region had at least four homologous loci hi 
the & pureus chromosome. In the same way, chromosomal 
DNA from Ss tpidermuKs HB vai analyzed under stringent 
conditions for the presence of khe DS repeat with a probe 
covering the R region otfbc The result showed, in contrast to 
S. durtus, that only a smgle locus was present in strain HB. 
furthermore, it was found by FCR analysi? that the occurrence 
of the fbe gene Cs common among clinical isolates of 3. cpidcr* 
ntidis. 

It has been suggested that 5- epid&rmidls colonizes biomats- 
rial in a two-step procedure, in which adherence is the primary 
event followed by biofUra formation (15, 25). The importance 
of the Fbc protein in virulence of & epidtrmidis remains to be 
demonstrated. We Intend to clarify this issue hi animal models 
by using mutants of 5, epteermidis In which the fbe gene has 
been inactivated. 
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